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ABSTRACT 

The  electrochemical  oxidation  of  2,6-ci-tert-butyl-4-R- 
ani lines  (R  =  p-0CH2-CgH^  and  p— N( CH^ ) ^  £t  che 

potentials  of  the  second  peak  has  been  investigated.  Dications 
could  be  observed  and  characterized  by  electrcanaly tical  and 
spectroe lectrochem ical  means.  The  cyclic  voltammograrr.  of  the 
methcxv  compound  has  been  simulated  by  the  orthogonal  collocation 
method.  Products  of  bulk  electrolysis  have  been  identified.  We 
found  two  different  sites  of  attack  in  the  case  of  the  raethoxy 


compound 
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INTRODUCTION 


In  part  I  of  this  series  on  the  electrochemistry  of  anilines 

[1]  we  outlined  a  general  scheme  for  the  oxidation  of  anilines 

and  reported  on  the  electrochemical  oxidation  of  stericallv 
hindered  anilines  la-d  to  the  corresponding  radical  cations  2a-d 
in  a  first  oxidation  peak. 


R 

la  :  R  =  H  Ld 

b:R  =  OCH3 
c  :R  =  N(CH3)2 


R 

2c  :  R  *  H  2d 

b  :  R  =  COR3 
t  :R  =  NICH3)2 


The  radical  cations  2a-c  have  been  shown  to  be  persistent  in 
the  time  frame  of  electroanalytical  techniques 
( chronoamperometry ,  chronopotenticmetry  and  cyclic 
voltammetry).  These  species  also  have  been  investigated  by 
uv/vis  modulated  specular  reflectance  spectroscopy  (MSRS). 

Spectra  as  well  as  transients  have  been  recorded.  Both 
transients  and  open  circuit  relaxation  experiments  showed  the 
persistence  of  2a-c  and  the  slow  decay  of  2d . 


We  formulate  intermediate  species  in  this  paper  with  charge 
and  cdd  electrons  localized  at  the  nitrogen  atom.  The  exac 
electronic  structure  of  these  compounds,  however,  is  not  known. 
Our  formulation  thus  does  not  imply  such  a  localization. 


0, 


4 


It  has  already  been  mentioned  in  part  1,  that  anilines  la-c 
show  a  second  oxidation  peak  at  higher  potential  11).  Earlier 
reports  on  the  electrochemistry  of  id  [2-4]  dealing  only  with  the 
first  oxidation  wave  of  id ,  revealed,  however,  a  small  wave  at 
higher  potential  in  rotating  disc  (RDE)  curves  [4].  We  could 
detect  only  a  very  small  peak  close  to  the  background  oxidation. 

In  part  II  of  our  series  on  the  electrochemistry  of 
anilines,  we  discuss  the  anodic  oxidation  of  la-c  in  the 

second  wave  investigated  by  the  above  mentioned  electroanaly tical 
techniques  and  uv/vis  MSRS.  We  also  describe  the  differences  in 
the  mechanisms  of  the  three  compounds  giving  rise  to  the 
different  patterns  revealed  in  a  most  obvious  way  by  cyclic 
voltammetry  and  the  products  of  bulk  electrolyses.  We  did  not 
investigate  the  oxidation  of  Id  in  this  second  wave  because  of 

*v 

the  reason  mentioned  above. 

THE  OVERALL  VOLTAKMOGRAMS  OF  ANILINES  la-c 

Typical  cyclic  voltammograns  of  the  anilines  la-c  at 
platinum  in  acetonitrile  covering  the  potential  range  of  both 
oxidation  waves  are  given  in  Figures  la-c.  Peaks  I  and  II  in  all 
vcltammograms  correspond  to  a  reversible  one-electron  transfer  to 
give  the  radical  cations  _2_.  All  three  compounds  show  a  second 
oxidation  peak  III  at  higher  potential.  During  the  second  part 
of  the  potential  scan  cycle,  however,  differences  occur.  While 
la  exhibits  no  additional  reduction  peaks,  there  is  one  peak  iv 
ir.  the  case  of  aniline  _lc_.  Depending  on  the  experimental 
conditions  we  observe  one  or  two  peaks  IV  and  V  in  the  case  of 
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lb.  These  differences  must  be  associated  with  the  different 
stability  of  the  intermediates  produced  in  the  second  oxidation 
wave  of  the  anilines. 

ELECTROANALYTICAL  EXPERIMENTS  WITH  1c 

Cyclic  vol tammetr ic  data  for  lc  are  collected  in  Table  1. 

All  values  are  independent  of  the  concentration  c  and  scan  rate 
v. 

The  difference  of  peak  potentials  in  cyclic  voltammetry 
AEp  indicates  that  the  radical  cation  2c  is  further 

oxidized  in  a  second  reversible  one-electron  step.  The  peak 
currents  have  not  been  evaluated,  because  the  two  formal 
potentials  are  very  close  and  it  proved  very  difficult  to 
establish  the  base  line  for  the  second  oxidation  peak.  Figure 
lc ,  however,  shows  a  simulated  cyclic  voltammetric  curve  for  an 
EE  mechanism  with  two  reversible  one-electron  transfers  which 
matches  the  experimental  vcltammogram  very  closely.  The 
simulation  was  performed  using  the  orthogonal  collocation 
technique  and  our  program  CYCVOLT. 

The  ratio  of  the  chronoamperometric  constants  (it^/*)  (-0. 

-  +0.85  V)/(it1/2)  (-0.35  *  +0.45  V)  is  2.0  ±  0.4.  We  may 
conclude  from  this  that  the  number  of  electrons  transferred  in 
going  from  _lc_  to  the  product  of  the  second  wave  is  twice  the 
number  of  electrons  transferred  in  going  from  lc  to  _2c_.  Since  _2c 
is  a  cne-electrcn  oxidation  product,  the  product  of  the  second 
step  has  to  be  a  two-electron  oxidation  product. 

This  is  confirmed  by  chronopotentiometry .  The  ratio  of  the 


ro 


transition  times  f°r  two  waves  is  3.1  ±  0.2.  The 

theory  of  this  electroanalytical  technique  [5]  shows  that  for  an 
EE  process 


t 2  (nx  +  n2)2  -  n12 


where  n-j_  and  n2  are  the  numbers  of  electrons  transferred  in  the 
first  and  second  step, respectively.  This  ratio  can  only  be  3  if 
n^  =  n3  -  1 . 

Thus,  aniline  _lc_  is  oxidized  in  2  successive  reversible  one- 
electron  steps  via  the  radical  cation  2c  to  a  species  which  may 
be  formulated  as  dication  3c. 


w 


0,16  V 


0,35  V 


N 

h3c-'  ^ch3 


H,Cx  Nv-CH- 


H'3C-'N'"Cr!3 


This  result  may  be  confirmed  by  a  bulk  electrolysis 
experiment:  aniline  lc  is  oxidized  at  +0.65  V.  After  passing  of 

2.06  Faradays 'mol  the  current  has  decreased  to  the  background 
value  and  the  solution  has  taken  on  a  yellowish  brown  color.  If 
we  reduce  this  solution  at  -0.05  V  we  recover  82%  of  the  aniline 
after  passing  92*  of  the  charge  used  during  oxidation.  Thus,  the 
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process  _lc^  t  _3c_  is  also  reversible  in  the  time  scale  of  this  bulk 
electrolysis  experiment. 

Electroanalytical  experiments  with  solutions  of  _3c_  prepared 
in  this  way  show  two  reversible  reductions  with  E°  =  +0.34  V  and 
+0.13  V  in  good  agreement  with  the  values  resulting  from 
experiments  with  _lc_  (Table  1  and  11]).  Peak  current  data, 
chronoamperometr ic  and  chronopotentiometr ic  results  prove  that  _3c_ 
is  reduced  in  two  one-electron  steps,  if  we  assume  that  all  the 
aniline  lc  has  been  oxidized  to  the  dication  _3c_  and  that  the 
diffusion  coefficients  of  aniline  and  dication  are  the  same. 

Serve  [6]  showed  that  diarylamines  can  be  oxidized  to 
dications  by  SbClj.  Aniline  _lc_  has  been  oxidized  by  adding  this 
agent,  yielding  a  yellowish  brown  solution  which  has  the  same 
electroanalytical  characteristics  as  a  solution  of  _3c_  prepared  in 
the  electrochemical  way  described  above.  This  result  also  can  be 
achieved  using  l^/AgClC^  as  oxidizing  reagent,  while  anilines  la 
and  lb  are  oxidized  only  to  the  oxidation  stage  of  the  radical 
cation,  _2a_  and  2b  resp.  ,  by  this  mixture  11].  This  difference 
may  be  explained  by  the  low  oxidation  potential  and  the  small 
separation  between  the  two  formal  potentials. 

ELECTROANALYTICAL  EXPERIMENTS  WITH  _lb_ 

Cyclic  voltamroograms  of  aniline  _lb_  in  acetonitrile  on 
platinum  are  given  in  Figures  lb  and  2.  As  the  disappearance  cf 
peak  IV  and  the  appearance  of  peak  V  at  small  scan  rates  v  shews, 
the  product  cf  the  second  oxidation  wave  undergoes  a  relatively 
slow  chemical  reaction.  Quantitative  data  derived  from  cyclic 
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voltammograms  are  listed  in 
indicates  that  the 
one-electron  step.  Obvious 
the  oxidation  of  lb  yields 
cation  2b: 


Table  1.  The  peak  separation  AEp^^"^ 
radical  cation  2b  is  oxidized  in  a 
ly,  we  observe  an  EEC-mecha nism ,  where 
3b  via  the  corresponding  radical 


|  Again,  as  in  the  case  of  _lc_,  the  chronoamperometr ic  constant  for 

l  a  step  into  the  second  wave  is  twice  as  high  as  for  a  step  into 

|  the  first  wave.  Also,  the  ratio  of  the  transition  times  t 2/^1  is 

near  the  theoretical  value  of  three  for  two  successive  one- 
electron  steps. 

That  the  aniline  dication  _3b  is  produced  in  the  second  wave 
can  be  shown  by  adding  SbCl^  to  the  solution  of  lb  and  recording 
voltammccrams  in  the  region  +1.15  to  +0.75  V  (where  the 
background  current  due  to  SbCl5  reduction  increases  steeply): 

■  peaks  IV  and  III  show  up. 

If  we  investigate  the  oxidation  of  the  chemically  prepared 
II)  radical  cation  2b,  we  find  n  =  1.12  t  0.07  from 

1 


chrcnca-cerometrv  for  its  oxidation,  assuminc  D  (lb)  =  D  (2b). 
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A  quantitative  analysis  of  the  peak  current  data  of  peaks 
III  and  IV  has  not  been  attempted,  because  the  actual  mechanism 
is  far  more  complicated  than  expected  from  the  EEC  scheme,  as 
will  be  shown  below.  Thus,  a  determination  of  the  rate  constant 
for  this  step  from  cyclic  voltammetric  data  is  not  possible. 

In  CH2CI2  ss  solvent  with  TEA?  as  supporting  electrolyte, 
peak  IV  can  be  seen  even  at  scan  rates  where  it  can  not  be 
observed  in  acetonitrile  (v  =  0.05  V/s;  see  Figure  3,  compar 
Figure  2a):  the  product  of  the  second  oxidation  wave  is  mo: 
persistent  in  dichloromethane  than  in  acetonitrile.  We  forr  =te 
the  hypothesis  that  the  follow-up  reaction  of  _3b  is  a 
deprotonation,  which  may  be  faster  in  acetonitrile  because  of  its 
slightly  basic  properties.  Dichloromethane  should  not  be  able  to 
act  as  a  base. 

A  close  inspection  of  the  voltammograrcs  of  _lt_  in  CH3CN  leads 
to  the  following  questions: 

Why  is  peak  II  so  much  smaller  when  E ^  >  Ep111  compared  to 
Ep1  <  Ex  <  Ep111  (Figure  lb)? 

Why  does  the  current  at  v  =  0.01  V/s  during  the  second  part 
of  the  cycle  go  to  zero  and  exhibit  a  "pseudo"  peak  (Figure  2b), 
resembling  the  behaviour  cue  to  proton  barrier  effects  described 
for  2 , 6-di-tert- butyl-4- ( 4-d ime thy lam i nophenyl ) -phenol  earlier 


As  for  the  peak  height  of  peak  II,  one  could  argue  that  _2b 
is  oxidized  in  peak  III  and  thus  with  Ex  >  less  radical 

cation  is  in  the  vicir.itv  of  the  electrode  to  oe  reduced.  A 


comparison  of  the  experimental  voltammogram  of  lb  and  simulated 
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vo It anno grams  of  the  reversible  one-electron  transfer  and  the  EEC 
mechanise  (Figure  4),  however,  shows  that  this  effect  does  not  to¬ 
tally  account  for  the  very  small  peak  current.  Although  in  the  case 
of  the  EEC  mechanism  the  product  of  the  first  electron  transfer  is 
irreversibly  consumed  in  the  second  oxidation  wave,  it  is  produced 
during  the  second  part  of  the  cycle  between  E°2  and  E0-,  .  Since  we 
would  have  to  add  the  base  line  given  by  the  current  of  peak  V.  peak. 
II  in  an  ESC  mechanism  should  not  decrease  compared  to  voltammc- 
grams  with  E^  =  -rO.65  V. 

Because  2b  is  stable  on  the  time  scale  of  voltammetry,  we 
have  to  assume  that  at  potentials  positive  of  peak  III  a  chemical 
reaction  is  triggered  which  removes  2b  or  prevents  2b  from  being 
produced  for  a  certain  time  during  the  second  part  of  the  cycle. 

Peak  II  increases  if  the  scan  is  stopped  at  a  potential 
between  peaks  IV  and  II  on  the  second  part  of  a  cycle  and 
restarted  after  a  period  of  electrolysis  at  this  potential 
(Figure  5).  This  strongly  supports  the  hypothesis  that  _2h. 
prevented  from  being  produced. 

We  can  show  the  reason  for  the  observed  effect  if  we  add  the 
protonated  form  c;  lb,  anilinium  cation  7b  (we  keep  the  numbering 
of  compounds  consistent  with  part  I  ID),  to  a  solution  of  lb . 

We  now  record  the  vol  t-ammograrn  given  in  Figure  6.  Compared  to 
vol tammograms  of  lb  alone,  we  find  several  differences.  Peak  III 
increases  considerably,  peak  II  disappears  and  only  peak  V  can  be 
seen  during  the  second  part  of  the  first  cycle  (peak  IV  is  absent 
because  cf  the  slower  scan  rate  compared  tc  the  voitammogram  in 
Figure  lc).  In  the  second  cycle,  peak  I  almost  disappeares. 
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This  behavior  is  easily  explained  by  the  following 
mechanism:  the  anilinium  cation  7b  is  oxidized  at  potentials 

similar  to  those  where  the  oxidation  of  _2b  takes  place  (peak 
III).  It  can  be  shown  (8]  that  the  products  of  the  anilinium 
cation  oxidation  are  the  dication  3b  and  nitrer.ium  ion  6b ,  where 
one  or  two  protons  per  oxidized  molecule  are  released.  The 
protons  are  picked  up  by  the  basic  amino  group  of  aniline  lb , 
producing  more  anilinium  cation.  While  scanning  the  potential 
positive  of  peak  III,  anilinium  cation  _7b  is  regenerated  in  a 
catalytic  mechanism.  The  ongoing  oxidation  of  7b_  produces  a 
large  number  of  protons  which  diffuse  from  the  electrode  out  into 
the  solution.  Here  they  encounter  aniline  molecules  and 
protonate  these.  Eventually  all  the  aniline  in  the  vicinity  of 
the  electrode  is  transformed  into  7_£.  While  scanning  back  to 
reach  potentials  more  negative  than  peak  III,  the  anilinium 
cation  is  no  longer  oxidized.  In  the  vicinity  of  the  electrode, 
no  lb  and  thus  no  oxidizable  species  is  present.  As  the  decrease 
of  peak  I  in  the  second  cycle  shows,  the  concentration  of  _lb_  near 
the  electrode  has  been  aepleated  considerably. 

Let  us  now-  return  to  the  voltammograms  of  lb  alone.  We 
already  showed  that  the’  decay  of  cication  3b  probably  produces 
protons.  These  react  with  _lb_,  yielding  7b.  At  the  potentials  of 
peak  III  this  compound  is  oxidized,  starting  the  catalytic  cycle 
discussed  abcve  for  the  mixture  of  lb  and  7b .  Thus,  we  reduce 
the  amount  of  1c  near  the  electrode.  Figure  2b  shows  that  the 
current  at  this  point  of  the  vcltammogram  drops  tc  zero  very  fast 
-  before  going  into  the  cathocic  domain  (peaks  V  and  II).  As  a 


Id- 
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further  result  peak  II  becomes  smaller  because  the  protonation  of 
lb  prevents  its  oxidation  to  _2b.  Less  radical  cation  is  present 
in  the  vicinity  of  the  electrode  when  the  potential  is  negative 
enough  to  reduce  _2h>_  to  lb  in  peak  II. 

The  mechanism  discussed  here  also  explains  why  we  can  see 
aniline  lb  penetrating  the  "proton  barrier"  at  low  scan  rates  and 
observe  a  "pseudo”  peak.  All  features  necessary  to  exhibit  this 
behavior  [7]  are  met:  the  protonated  aniline  7b  is  oxidizable  at 
a  more  positive  potential  than  lb ,  the  species  which  causes  the 
barrier  (H+)  is  produced  in  this  second  oxidation  and  because  of 
the  "catalytic"  regeneration  of  7b  a  large  amount  of  protons  is 
generated  while  oxidizing  at  this  potential.  Thus,  the  diffusion 
of  lb  to  the  electrode  is  totally  depressed  and  the  current  shows 
the  behavior  expected. 

The  voltammogram  in  Figure  2h  shows  this  nicely:  a 
comparison  of  the  region  marked  with  an  arrow  to  the 
corresponding  part  in  our  earlier  paper  [7]  supports  this 
conclusion.  This  is  another  example  of  a  mechanism  where  a 
reaction  product  prevents  the  substrate  from  being  oxidized  by 
means  of  a  diffusion  process  anc  a  chemical  reaction. 

Now  we  have  to  identify  the  compound  which  is  reduced  in 
peak  V.  This  species  must  have  been  produced  in  the  chemical 
step  in  which  the  cication  3b  decays.  It  also  undergoes  a 
chemical  reaction  itself,  as  shown  by  voltammograms  at  low  scan 
rates  (e.c.  v  =  C.01  V/s,  Figure  2b):  no  peak  V  shows  up  if  the 
time  scale  of  the  experiment  is  slow. 

If  3c  cep rotona tes ,  we  expect  nitrenium  ion  _€_b  to  be 


We  also  observe  peaks  III  and  VI  in  these  vol tammograms . 

Peak  III  corresponds  to  the  oxidation  of  radical  cation  _2b,  which 
has  been  produced  by  reduction  of  _3b_  in  peak  IV.  Peak  VI 
increases  if  anilinium  cation  7b  is  added  to  the  solution. 

Obviously,  in  the  presence  of  acid  the  oxidation  of  this  species 
is  shifted  to  higher  potential,  thus  giving  rise  to  a  peak 
separate  from  peak  III. 

There  are  two  possible  ways  by  which  7b  may  be  produced: 

a)  by  reduction  of  2b  to  aniline  lb  and  protor.aticn  (reaction 
path  •  on  the  right  hand  side  of  the  scheme).  By  the  follow-up 
reaction  this  reduction  could  be  shifted  to  higher  potentials 
-than  peak  II  in  voltammograms  of  lb . 

b)  by  reduction  of  nitrenium  ion  _£b  to  nitryl  radical  _5b_  and  a 
following  disproportionation  reaction  under  the  influence  of 
protons  giving  lb  and  _6b^  (which  may  be  reduced  again; 
reaction  path  on  the  left  hand  side  of  the  scheme).  Aniline 
ib  is  prctonatec  to  give  _7b_.  It  is  well  known  that  the 
oxygen  analogs  of  nitryl  radical  _5_  (pbenoxy  radicals) 

*'  disproportionate  when  treated  with  acid  [101. 

We  could  not  distinguish  between  these  two  possibilities  anc 
both  have  to  be  taken  into  account. 

At  very  low  scan  rates  peak  V  disappears.  Nitrenium  ion  _6b_ 
reacts  in  a  chemical  reaction.  Bulk  electrolysis  of  _l_b  in  the 
presence  of  water  and  2,6-lutidine  shows  that  iir.inceuir.ole  lie 
is  formed.  Also,  other  nucleophiles  could  be  added.  A  mere  de¬ 
tailed  cescrdrticr.  cf  these  experiments  is  in  treraracdon  •£’.  In  t'- 


formed.  In  analogy  to  the  synthesis  of  the  phenoxenium  ion  _9 
from  cuinol  10_  (9), 


we  tried  to  generate  6b  from  the  iminoquinol  lib.  Voltammograms 
recorded  in  solutions  of  lib  after  addition  of  tetraf iuoroboric 
acid  show  two  reduction  peaks  whose  relative  heights  depend  on 
the  amount  of  acid  used  (Figure  7'.  At  low  acid  concentrations 
peak  V  shows  up,  while  at  high  concentrations  peak  IV  can  be  seen 
and  V  decreases.  Thus,  we  form  _3b_  and  6b ,  which  are  in  a  proton 
exchange  equilibrium: 


ele'ctroanalytical  experiments,  traces  of  water  are  presumably 
reacting  with  6b. 


After  having  established  the  oxidation  mechanism  of  lb  by 
electroanaly tical  methods,  we  used  orthogonal  collocation  to 
simulate  the  model  derived  from  the  following  reactions  under 

cyclic  voltammetric  conditions  111,12): 

9  e 


OCH^  OCH3 

7  b  6  b 


Appendix.  Figure  8  shows  good  agreement  between  simulated  and 
experimental  voltammograms  for  three  scan  rates  (v  =  0.1,  0.2  and 
0.5  V/s)  using  the  numerical  values  E°A/B  =  0.407  V,  EeB//C  = 

0.818  V,  E°ha+/ha*++  =  0.800  V,  E°d/e  =  0.545  V,  k±  =  1.5  s_1 , 
k2  =  50  s_1,  K2  =  25,  k3  =  104  1- mol-1 • s-1 ,  k4  =  0.1  s"1,  k5  = 

10^  l-mol'^-.s-^,  kg  =  0  s-1  (see  Appendix  for  details  and 
symbols ) . 

The  value  of  E°AyB  deviates  from  the  numerical  value  given 
in  ref.  11],  because  we  simulated  specific  cyclic  voltammietr ic 
curves  while  the  reported  value  is  a  mean  value  from  many 
experiments.  It  is  problematic  to  give  values  for  the  accuracy 
of  the  rate  constants  derived  by  this  empirical  method  of 
comparing  experimental  and  theoretical  curves  because  11 
parameters  have  an  influence  on  the  simulated  voltammograms.  The 
good  agreement  of  voltammograms  anc  calculations  for  three 
different  scan  rates,  however,  shows  that  at  least  the  order  of 
magnitude  should  be  correct.  It  also  gives  support  to  the 
proposed  mechanism  for  the  oxidation  of  Id ■ 

ELECTROANALYTI CAL  EXPERIMENTS  WITH  _la_ 

■■r.' 

Cyclic  voltammetry  of  aniline  la  (see  Figure  la]  shows  that 
the  process  occurring  in  the  second  peak  is  not  reversicie.  Ever, 
at  a  scan  rate  of  50  V/s  no  reverse  peak  can  be  observed.  The 
peak  potential  varies  linearly  with  In  v^^  (Figure  9),  thus 
indicating  that  a  fast  irreversible  chemical  reaction  fellows  the 
electron  transfer  (EC^rr  mechanism  [13]).  From,  the  fact  that 
even  at  5C  V/s  no  reverse  peak  is  observed,  we  can  conclude  that 


the  rate  constant  of  this  follow-op  reaction  k  >  2000  s~^. 

In  analogy  to  anilines  lb  and  lc  we  can  assume  that  in  this 
peak  radical  cation  2a_  is  oxidized  to  give  a  dication  _3a_  which 
deprotonates  rapidly.  In  fact,  chemically  prepared  radical 
cation  2a  shows  an  oxidation  peak  near  the  second  peak  in  the 
voltammogram  of  la . 

The  occurrence  of  a  deprotonation  step  is  confirmed  by  the 
following  observation:  reduction  peak  II  is  smaller  if  we  pass 
peak  III  before  switching  the  potential  scan  direction.  The 
protons  produced  by  the  oxidation  of  _2a_  are  picked  up  by  as  yet 
unoxidized  aniline  molecules,  thus  decreasing  the  amount  of  2b_ 
formed  while  scanning  the  potential  back  (see  discussion  of  the 
mechanism  of  lb ) . 

In  this  case,  we  do  not  observe  the  effect  of  build  up  and 
penetration  of  a  "proton  barrier".  Because  anilinium  cation  7a 
is  not  oxidized  near  peak  III  (addition  of  acid  to  a  solution  of 
la  results  in  the  disappearance  of  all  peaks)  the  blocking 
protons  are  not  produced  in  a  "catalytic"  reaction.  Thus,  one  of 
the  necessary  prerequisites  [7]  to  see  the  diffusion  effect  is 
ncrt  met. 

The  chronoamperometr i c  constant  for  a  step  to  potentials 
after  the  second  wave  is  only  10-20%  larger  than  for  a  step  to 
potentials  after  the  first  wave.  Since  2a_  does  not  react 
chemically  in  the  time  scale  of  electroanaly tical  experiments 
[1],  this  indicates  that  _la  must  at  least  partially  be  removed  by 
prctonation.  Finally,  chronopotentiometr ic  experiments  result  in 
a  ratic  of  transition  times  '2/,Tl  <  3,  dependent  on  the  magnitude 


of  the  constant  current  driven  through  the  electrode,  leading  to 
the  same  conclusion. 

The  products  of  the  deprotonation  reaction  of  _3a_  are 
protonated  aniline  _7a_  and  nitrenium  ion  6a .  The  anilinium  ion  7a 
is  not  cxicizable  in  the  potential  range  investigated  (see 
above).  Nitrenium  ion  _6a_  could  not  be  detected  with 
electroanalv t ical  methods  (see,  however,  below). 

UV/VIS  SPECTROELECTROCHEKISTRY*  OF  la  -  lc 

Uv/vis  spectra  obtained  by  the  modulated  specular 
reflectance  technique  (MSR,  [15])  are  given  in  Figure  10. 

Pulsing  the  electrode  potential  from  -0.2  to  +0.55  V  vs_  the 
Ag/Ag+  reference  electrode  in  a  solution  of  lc  produced  the 
spectrum  of  the  dication  _3c_.  The  maximum  at  4675  A  is  shifted 
only  30  A  from  the  maximum  corresponding  to  the  radical  cation  _2c 
at  4645  A  [1].  The  band  of  the  dication,  however,  is  narrower 
than  that  of  the  radical  cation.  The  small  shift  is  in 
accordance  with  uv/vis  spectra  obtained  from  _2c_  and  3c_  prepared 
by  chemical  oxidation  (_3c_  only)  and  bulk  electrolysis  (_2c_  and  3c , 
vide  supra,  see  also  ref.  ID).  Open  circuit  relaxation 
experiments  show  tr.-.at  the  dication  is  stable  on  the  time  scale  of 
the  experiments  (100  ms  -  1  s):  no  decay  can  be  observed.  From 
the  transient  obtained'  by  pulsing  to  +0.55  V  we  calculate  [16]  an 
extinction  coefficient  of  log  t  =  4.65  t  0.01,  using  the  mean 

* 

Part  of  this  spectroelectrochemical  investigation  has  been 
reported  as  a  poster  [14]. 


diffusion  coefficient  of  1c.  [l]  and  assuming  that  D(lc)  = 
D(J>c) .  Please  note  that  for  the  calculation  of  an  extinction 
coefficient  equation  (17)  in  reference  [16]  should  read: 

aR  A£c(Dt)1,/2 

A(t)  =  —  =  2.303  •  - T73 - 

R  n  '  cos  © 


Thus,  these  experiments  confirm  the  conclusion  of  a  reversible 


electron  transfer  leading  from  lc.  to  3c . 

For  the  oxidation  of  lb  in  the  second  peax  we  observe  the 
MSR  spectrum  given  by  the  broken  line  in  Figure  10.  Both  open 
circuit  relaxation  and  pulse  transients  show  that  the  absorbing 
species  'decays  rapidly:  when  opening  the  counter  electrode  cir¬ 
cuit,  the  absorbance  curve  decays. 

The  MSR  band  is  broader  than  the  one  of  3c .  It  is  shifted  tc 
higher  wavelength,  although  one  would  expact  a  shift  to  lower 
wavelength  because  the  CHS 0-group  is  less  electron-donating  chan  the 
(CHS  )2 N-group .  Also,  the  band  exhibits  a  shoulder  cr.  the  high 
wavelength  side.  This  shoulder  coincides  with  the  band  of  the 
nitreniuo  ion  (3150  ?.)  [6J.  Thus,  the  band  recorded  in  this  ex¬ 
periment  may  be  a  superimpsitior.  of  the  dicaticn  band  and  the 

•A* 

nitrenium' ion  band  and  it  seems  doubtful  whether  xhe  maximum 
at  A650  a  can  be  assigned  to  the  dication  3b .  Further  investi¬ 
gations  will  be  reported  [8]. 

Pulsing  into  the  second  oxidation  wave  in  the  case  of 


aniline  la,  we  obtain  only  a  weak  spectrum,  which  shews  the  two 


:he  radical  cation  and  another  band  at  -32: 


-  ^  -  c 


bands 


c.; . 


- — T  -  1 

be  identified  as  due  to  the  nitrenium  ion  6a  18).  Thus,  we  are  ■! 

not  able  to' record  the  spectrum  of  dication  _3a  but  can  observe  * 

the  formation  of  6a  as  a  product  of  the  second  oxidation  wave. 

The  weak  spectrum  may  be  explained  by  the  fact  that  all 
observable  species  [ 2a  (by  further  oxidation)  and  6a )  are 
reacting  fast. 

BULK  ELECTROLYSES  KITH  la  -  lc 

The  bulk  electrolysis  experiments  with  _lc_  nave  already  been 
described  (vice  supra  and  ref.  |2j  ).  The  stable  species  _2c_  and 
3c  are  the  products  of  the  oxidation  at  the  first  and  second  wave, 
respectively. 

Dication  3b  reacts  chemically,  and  we  find  products  of  this  f 

reaction  after  bulk  electrolysis.  If  we  electrolyse  _lo_  at  -rl.45 
V,  the  solution  turns  from  colourless  to  green,  vellow-green  and 
finally,  after  2.5  Faradays/mol  have  been  passed,  to  a  brownish 
orange.  We  were  not  able  to  isolate  products  from  this 
mixture.  If  we  reduce  the  solution  at  -0.35  V,  however,  1.9 
Faradays/mol  (calculated  for  _l_b)  are  passed,  and  we  isolate  three 
compounds  after  preparative  TLC:  aminophenol  12 ,  o- 
d ihydroxybenzene  13  and  benzoxazcle  14 . 


Compounds  12.  an<^  12  maY  be  oxidized  by  K,  [Fe(CN  )6  ]  to 
strongly  coloured  species.  The  oxidation  product  of  could  be 
shown  to  be  the  biphenyl-o-quinone  IL5  (by  comparison  to  an 
authentic  sample),  while  12  is  presumably  oxidized  to 
quir.oneiaine  16 .  Comparison  of  the  values  in  TLC  to  the  ones' 
of  authentic  samples  suggests  that  lji>  and  16  are  present  in  the 
brownish  orange  solution  after  oxidation  of  lb. 

The  eleotroanalytical  ana  spectroelectrochemical  evidence 
given  in  the  prece  d  ing  chapters  and  ref.  [l]  has  shown  that  lb 
is  oxidized  to  via  2b.  Solutions  of  2b  in  acetonitrile  are  persi 
stent  for  several  hours.  Thus,  2b  cannot  be  the  reacting  species, 
and  the  products  must  be  derived  from  ^5-  or  its  follow-up  products. 
We  also  have  shown  that  the  reactions  involve  deprotonations. 

One  possibility  for  the  reaction  of  lb  to  12,  1 5 ,  and  l_i  is 
given  in  the  following  scheme. 


of  protons  in  the  solution  (produced  by  the  deprotonation 
6b) .  In  the  case  of  the  water  attack,  a  series  of  oxidation  and 
hydrolysis  reactions  finally  leads  to  Ip .  The  acetonitrile  adduct, 
after  hydrolysis  and  ring  formation,  yields  1 A.  The  correct  se¬ 
quence  of  the  individual  steps  leading  from  6b  xo  15  and  V±  is 
not  known. 

Icinocuinone  16  seems  to  have  beer.  formed  via  the  atxack  of 
water  cn  the  dication  Jcb  itself.  In  this  species,  the  positive 
charge  density  in  the  para-position  of  the  second  ring  bearing 
the  eq ethoxy  group  must  be  considerably  larger  than  in  the  nitre- 
-nium  ion  6b.  Also,  the  dication  may  have  the  higher  energy  and 
may  more  easily  reach  a  transition  state  where  the  aromatic 
system  in  both  rings  has  been  distorted.  Cleavage  of  the  metho- 
xy  group  as  methanol  would  result  in  the  formation  of  16.  Oxi¬ 
dative  cleavage  of  aromatic  methyl  ethers  is  a  well-known  reac¬ 
tion  [17  -  23] . 

It  is  also  possible,  however,  to  formulate  the  reactions 
leading  to  li  and  lj5  via  the  dicaticr.  cr  tc  li  via  the  r.i cra¬ 
nium  ion  6b.  Also,  hydrolysis  cf  the  dication  itself  or  the 

■t.' 

-  nitrenium  -ion  at  the  nitrogen  moiety  may  occur  to  produce  the 
corresponding  ohenoxenium  ion,  which  could  react  tc  give  1£  and 
13 .  Analogous  reactions  of  phenoxenium  icr.s  with  acetonitrile, 
water,  and  other  nucleophiles  have  been  observed  previously 
[2A  -  28 j. 


That  _15_  and  _1_6_  may  be  reduced  at  -0.35  V  can  be  shown  by 
cyclic  voltammetry  of  these  species,  produced  by  chemical 
oxidation  of  J_3_  and  12 .  o-Quinone  _15_  is  reduced  in  two  waves  at 
-0.45  V  and  -1.0  V  in  neutral  solution.  Addition  of  acid  shifts 
these  potentials  to  values  positive  enough  to  achieve  the 
reduction  at  -0.35  V.  In  the  bulk  electrolyses,  protons  are 
produced  during  the  oxidation  step.  Compound  _I_6  shows  two 
reduction  peaks  at  t-0.5  and  -0.45  V  in  neutral  solution.  Acic 
also  causes  a  shift  to  more  positive  values. 

'Bulk  electrolysis  of  la  results  in  the  formation  of 
iminoquincle  II a  with  a  yield  of  40%.  Here  we  only  observe  the 
prochuct  of  water  attack  on  the  para-position  of  the  nitrenium  ion 
6a.  The  dication  3a  decays  too  fast  by  deprctona t ion  for 


products  of  its  reactions  to  be  formed. 

CONCLUSION 

Anilines  la-c  are  oxidized  in  two  waves  to  the  corresponding 
dications  3a-c  via  radical  cations  2a-c  [1].  The  different 
persistar.ee  of  the  dications  gives  rise  to  different  responses  to 
electroanalvtical  and  spectroelectrocherr.ical  techniques:  while 
3c  is  persistent  and  the  oxidation  of  ic  follows  an  EE  mechanism, 
3b  decays  moderately  fast  in  a  complicated  reaction  and  we  can 
observe  the  reduction  of  a  further  intermediate,  nitrenium  ion 
6b.  -Also,  protonation  of  the  parent  aniline  occurs. 

Intermediate  3a ,  however,  decays  extremely  fast  and  could  be 
detected  neither  electroanalyticallv  nor 
spectroeiectrochemically. 

Bulk  electrolysis  yields  products  derived  from  dications 
( lb )  and/or  nitrenium  ions  (la,  I’d  )  .  Starting  with  Ic  the 
persistent  cication  3c  is  observed. 

To  our  knowledge  this  is  the  first  reported  observation  of 
cications  derived  from,  primary  aromatic  amines. 

EXPERIMENTAL  PART 

The  preparation  and  purification  of  the  anilines  la- c  , 
acetonitrile  and  the  supporting  electrolytes  (TEA?,  commercial 
NaCiO^  and  LiC104  have  been  used  after  drying)  has  been  described 
[1].  Dichlcromethane  was  purified  by  passing  through  a  column  of 
alumina'.  The  electroanalvtical  techniques  were  standard, 
spectr ©electrochemical  exceriments  followed  the  directions 


outlined  in  earlier  papers  11,15,16].  Potentials  were  measured 
vs  a  saturated  calomel  electrode  or  _vs_  an  Ag/Ag+  (0.01  K_  in 
CH 2 CN )  electrode.  All  potentials  in  this  paper  are  given  vs_  the 
latter  reference  electrode.  Values  measured  with  the  SCE  were 
converted  as  described  in  [1). 

S imula t ions  were  performed  on  the  TR440  of  the  Rechenzentr un 
cer  Universitat  TL'bingen  using  the  dialogue  program 

CYCVCLT  (see  Appendix)  written  in  FORTRAN  IV. 

Mass  spectra  were  taken  with  AEI  MS 9  or  Varian  MAT  711 
spectrometers  (ionization  energy  70 

eV).  -  -^H-nmr  spectra  were  recorded  with  Varian  EM360  or  Bruker 
HFX  SO  spectrometers  (c-scale,  TMS  as  internal  standard). 

Oxidation  of  1c  with  AgClO^/^ 

C.05  g  (0.15  mmol)  of  the  aniline  Ic  were  dissolved  in 
absolute  ether  and  0.08  g  (0.32  mmol)  of  I~  in  ether  and 
subsecuentiv  0.12  c  (G.58  mmol)  of  Ac CIO-  in  ether  were  added.  A 

-  -  *s 

mixture  (0.13  g)  of  Agl  and  _3b  (as  perchlorate)  precipitated ,  was 
filtered  off  and  washed  3  times  with  10  ml  of  absolute  ether. 

Thg  ci  cat  ion  salt  could  not  be  separated  from.  Agl. 

Electrochemical  py-idation  of  lc 

0.21  g  (0.65  mmol)  of  _lc_  were  dissolved  in.  200  ml  of 
CH3  CN/0 . 1  _M  NaClO^  and ■ ox  id i2ec  at  a  ?t  anode  at  -0.63  V.  After 
129  C  have  been  passed  (theoretical  for  n=2:  125  C  )  the 


solution 

has 

turned  to  an 

orange  brown 

colour.  A  volume  of 

25  mi 

solution 

was 

taker,  out  of 

the  cell  to 

record  uv  vis  spectra 

and 

to  perform,  e  lectroanalyt  icai  experiments.  The  remaining  dication 


was  reduced'  at  -0.05  V.  Now  104  C  (theoretical  for  n  =2:  109 
C  )  could  be  passed  and  the  solution  turned  colourless.  After 
evaporation  of  the  solvent,  extraction  with  petroleum  ether,  and 
crystallization,  0.15  g  (82%)  of  the  aniline  lc  could  be 
recovered . 

Electrochemical  oxidation  of  lb 

0.25  g  (0.80  mmol  )  of  aniline  lb  were  dissolved  in  200  ml  c 
CH3CN/0.I  M_  TEA?  and  oxidized  at  a  ?t  anode  at  -1.45  V.  The 
solution  turned  purple  for  a  couple  of  seconds,  then  green, 
yellowish  green  and  finally  yellowish  brown.  A  charge  of  200  C 
(theoretical  for  n  =  2:  155  C  )  passed.  We  could  not  isolate  any 
products  from  this  solution.  Reduction  of  the  products  was 
performed  in  the  same  cell  at  -0.35  V.  After  passing  15C  C  the 
solution  had  lost  its  colour  and  was  poured  into  1  liter  of 
distilled  water.  Extraction  with  ether,  drying  of  the  organic 
phase  with  Na 2 SO^  and  evaporating  the  solvent  yielded  an  oil, 
which  coulc  be  separated  into  three  fractions  ( 12 ,  13 ,  14 )  by  TLC 
(plates  made  from  Macherev  and  Nacel  POV^,;  silica  gel.,  20  x  2C 
cm,  layer  thickness  2  rrm )  with  petroleum  ether/acetone,  (5:2),  as 


solvent. 


Characterization  of  4  •  -amino- 3  ’,  5  '  -c  i-_te_rt-buty  1-biphenyl -4- 
ol  12  lyielc:  50  mg  (21%),  m.p.  176-17£CC  (from  ire  thancl  )  1  : 


I .  r . 
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(s,  broad, 

,  1 H ,  disc 

ppea  rs 

•edition  of  D90,  OH). 


_  c 
a.  - 


n  •  e 


29  ~ 


M  ),  28  2 


(100%;  M+-CH2)/  271  (25%).  Analysis:  C2QH27NO  (297.4)  Calc.  C 
80.76,  H  9.15,  N  4.71;  Found  C  80.58,  H  9.15,  N  4.83. 

Characterization  of  5- tert- butyl-4 ' -methoxy-biphenyl-3 , 4- 
diol  _13_  [yield:  40  mg  (18%);  m.p.:  128-130°  (from  petroleum 

ether  with  addition  of  little  acetone)): 

I.r.  ( KBr ) :  3600-3150  (broad,  2  bands,  OH),  2950  (C-H),  1235 

cm"-'-  (C-G).  1 H  nmr  (CDCI3):  6  =  1.46  (s,  9H,  tert-buty  1 )  ,  3.84 

(s,  3K,  OCH3),  5.64  (s,  broad,  2H,  OH),  6.98  (q,  A3,  J  ca.  2Hz) 
and  7.19  (q,  A2B2 ,  0.  ca .  9Hz)  (6H,  aromatic  protons).  M .  s .  :  m/e 
■  272  (100%;  M+),  257  (54%;  M+-CH3).  Analysis:  C17K20O3  (272.3) 
Calc.'  C  74.97  ,  H  7.40;  Found  C  74.81,  H  7.28. 

•Characterization  of  7-tert-butyI-5-( 4-methoxypbenyl ) -2- 
methylbenzoxazole  14  [yield:  20  mg  (8%);  m.p.:  95°C  (from 

petroleum  ether)]: 

I.r.  (KBr):  2960  cm"1  (C-H).  2H  nmr  ( CDC 1 3 ) :  6  =  1.49  (s,  9H, 

tert-butyl ) ,  2.65  (s,  3H,  CH,),  3.84  (s,  3H,  OCB3 ) ,  7 . 25  (q, 

A2B2 ,  J  ca .  9  Hz)  and  7.46  (c,  AB,  ca.  2  Hz)  (aromatic 
protons).  K.s.:  m/e  =  295  (100%;  ) ,  280  (73%;  K+-CK3). 

Analysis:  C3gH23N02  (295.4)  Calc.  C  77.26,  H  7.17,  N  4.74;  Found 

C  77.01,  H  7.03,  K  4.62. 
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From  the  concentration  profiles  generated  by  solving  this  system  of 
equations,  we  can  calculate  the  current  function 
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As  has  been  shown  [12],  it  is  necessary  to  optimize  the  value  of  the 
dimensionless  parameter  £.  Using  the  method  given  in  ref.  [12],  we  arrive 
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where  h  is  the  integration  stepwidth. 

We  used  the  dialogue  program  CYCVOLT  (a  list  of  FORTRAN  statements  and  • 
a  program  description  is  available  from  B.S.)  to  solve  the  system  of 


equations  (A36)-(A43)  and  generate  theoretical  voltammograms. 
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APPENDIX 


The  mechanism  for  the  oxidation  of  aniline  lb  may  be  described  by 
the  following  model,  where  A  stands  for  _lb,  B  for  _2b_,  C  for  _3b_,  D  for 
6b ,  HA+  for  JJb,  HA  * +  +  for  8b ,  E  for  _5b  and  ?]_  and  P2  for  products  of 
chemical  reactions  of  the  nitrenium  ion  and  the  radical  cation: 
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( A 1 0  ) 


Reaction  (A10)  does  not  necessarily  have  to  be  included  here 
because  we  do  not  see  this  reaction  in  our  experiments.  For  the 

simulation  k&  has  been  set  to  zero. 

Vie  can  formulate  the  kinetic  diffusion  equations  for  this  r.odel  by 
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where 


°X/Y  *  ^Pl?;IE0X/y  -  Estart>  1  <*2S> 

H 1 

and  for  n}_  =  n2  '  n3  =  n4  =  n 

_  .exp( -at )  ( A 3 0 a ) 

*  'exp(at-2atx)  (A30b) 

These  equations  and  conditions  have  to  be  transformed  into 
dimensionless  expressions  [11,12]  using 


T’  =  at  =  -Lit— 1  t  ( A  3 1 ) 

RT 

X=  x/L  ( A3  2 ) 

cx*  =  cx/cA°  (A3  3) 

5  =  D/al2  (A. 3 4  } 

a\  =  k^/a  for  i  =  1,  3,  4,  6  (A35a) 

Qi  =  kicA°/a  *or  i  =  '2»  5  "  ( A35b ) 


Discretization  of  the  spatial  coordinate  finally  gives  a  system  of 
ordinary  cif  f  er’ential  equations  (A36)-(A43)  (for  details  see  [11))  which 
can  be  integrated  easily: 
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Table  1:  Cyclic  voltammetric  data3)  for  the  second  oxidation 
wave  of  lb  and  lc. 


Ep111  IV) 

E  IV 
bP 

IV) 

1EpIII/IV  lv] 

Eo(III/IV)  [v) 

_lbb) 

0.90  ±  0.02 

0.82 

i  0.01 

0.08  ±  0.01 

+0.86  ±  0.02 

lc 

0.38  t  0.02 

0.32 

±  0.02 

0.056  ±  0.005 

+0.35  ±  0.02  . 

I 


£)Mean  values  from  several  experiments  with  different 
concentrations,  averaged  over  all  v  and  c. 
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FIGURE  LEGENDS 


Figure  1: 


Figure  2: 


F  i  g  u  re  3 : 


Figure  4: 


Figure  5: 


Cyclic  voltammograms  o f  anilines  _l_a_  -  c_  at  platinum 
in  acetonitrile;  a)  _la_,  v  =  0.5  V/s,  1.3  mM;  b)  _lb,  v 

=  0.5  V/s,  c  =  1.5  mM,  c)  _lc_,  ( _ )  experimental 

voltammogram  v  =  0.05  V/s,  c  =  1.5  mM,  ( - ) 

simulated  voltammogram,  EE  mechanism,  simulation 
parameters:  E°1  =  +0.162  V,  E°2  =  -0.356  V,  nx=n2=l. 

Cyclic  voltammograms  or  _ifc_,  a)  c  =  1.5  rr.M,  v  =  0.0  5 
V/s;  b)  v  =  0.01  V/s,  the  arrow  indicates  the 
occurrence  of  proton  barrier  effects  (see  text). 
Cyclic  voltammogram  of  _lb_  in  CH2Ci2;  c  =  0.97  mM,  v  = 
0.05  V/s. 

Experimental  cyclic  voltammogram  of  _lb_  [ _ , 

conditions  as  in  Figure  lb]  and  simulated 
voltammograms  of  an  EEC  mechanism  simulation 

parameters:  E°  =  +0.407  V,  =  +0.407  V,  E°2  = 

+  0.650  V,  n^  =  n2=l,  k=  2  s"-*-)  and  a  reversible 
electron  transfer  (...,  simulation  parameters:  Ec  = 

+  0 .407  V,  Ex  =  +0. 650  V,  n  =  1 ) . 

Experiment  to  show  that  a  reaction  preventing 
oxidation  of  _lb_  for  a  certain  time  occurs  in  peak 
III.  a)  potential-time  program;  b)  (...)  cyclic 

voltammogram  of  _lb_,  E y  =  +0.650  V;  ( _ )  cyclic 

voltammogram  of  lb ,  =  +1.15  V;  (-.-.-)  cyclic 

voltammogram  of  _lb  witn  electrolysis  acccrcing  to  the 
potential- time  program  in  Figure  5a);  v  =  0.5  V/s,  c 
=  0.82  mM. 
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Figure  6: 


Figure  7: 


l  o- 

Figure  8: 


Figure  9: 


Cyclic  voltammogram  of  a  solution  containing  _lb  and 
7b;  v  =  0.2  V/s. 

Cyclic  voltammograms  of  iminoquinole  lib  in  CH^CN: 

(...)  without  acid;  (-.-.-)  after  addition  of  30  y 1  of 

HBF4  (54%  in  diethyl  ether),  ( _ )  after  addition  of 

.530  yl|HBF4  (54%  in  diethyl  ether);  c  (11b)  =  1.3  m.Y. 

Experimental  ( _ )  and  simulated  (...)  cyclic 

voltammograms  of  lb;  experimental  parameters  as  in 
Figure  lb;  simulation  parameters  are  given  in  the 
text;  a)  v  =  0.5  V/s,  b)  v  =  0.2  V/s,  c)  0.1  V/s. 
Variation  of  Ep111  in  cyclic  voltammograms  of  la  with 
In  v^/2;  the  points  represent  mean  values  from  seven 
independent  experiments  with  different  concentrations 


of  la . 

Figure  10;  uv/vis  MSRS  results  for  the  oxidation  of  la-c  in 
the  second  wave;  (...)  la,  ( - )  lb,  ( _ )  lc,  c  = 


1 . 0  mM 
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ABSTRACT 


The -'electrochemical  oxidation  of  2,6-di-tert-butyl-4-R- 
anilines  (R  =  C6H5,  p-OCH3-CgHz,  and  p-N  ( CH  3 )  2_C6H4 )  at  the 
potentials  of  the  second  peak  has  been  investigated.  Dications 
could  be  observed  and  characterized  by  electroanaly t ical  and 
spectroelectrochemical  means.  The  cyclic  voltammogram  of  the 
methcxv  compound  has  been  simulated  by  the  orthogonal  collocation 
method.  Products  of  bulk  electrolysis  have  been  identified.  We 
found  two  different  sites  of  attack  in  the  case  of  the  methoxy 
compound . 


